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(57) Abstract 

A fluid guide device (10) that 
can evenly and effectively distrib- 
ute the potential from a fluid trans- 
port source (16) over an area sub- 
stantially larger than the opening of 
a source conduit (18). The fluid 
guide device (10) includes a first 
major surface (15) having a struc- 
tured surface that includes a plural- 
ity of flow channels (20) disposed 
thereon. The flow channels (20) 
extend from a first point to a sec- 
ond point along the structured sur- 
face (1 5) and have a minimum aspect 
ratio of about 10:1 and a hydraulic 
radius no greater than about 300 mi- 
crometers (pm). The fluid guide 
device (10) also includes an active 
fluid transport source (16) provided 
external to the structured polymeric 
surface to provide a potential over 
the flow channels (20) to promote 
movement of matter through the flow 
channels (20) from a first potential to 
a second potential. The fluid trans- 
port .source (16) is connected with a 
plurality of the flow channels (20) of 
the structured surface (15) by way of 
a manifold (26). 
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WO 99/65541 PCT/US9 9/1 0820 

Fluid Guide Device Having An Open Structured 
Surface For Attachment To A Fluid Transport Source 

The present invention relates to a fluid guide device that includes an open 
5 structured surface that defines plural channels with at least some of the channels connected 
to a fluid transport source, which may provide for fluid suction or supply. Channels of the 
structured surface can be closed by a surface of an object during use with a fluid transport 
potential applied to the channels for fluid movement. When suction is applied, the fluid 
guide device comprises part of a vacuuming system, and when fluid is supplied, the fluid 

10 guide device comprises part of an applicator. The present invention is also directed to a 
method of surface treatment using such a fluid guide device. 

Many types of vacuuming systems have been developed including those having 
many different shapes of inlet devices connected with flexible conduits or hoses that are in 
turn connected with a vacuum generator. Vacuum systems have long been utilized for the 

15 purposes of cleaning and removing liquids and/or particulate matter from objects or 
collection areas. Vacuuming tools associated with vacuum cleaning systems are generally 
designed based on a desired inlet shape that facilitates cleaning or removal of unwanted 
matter (liquid or solid) from a particular type of surface. Moreover, such vacuum systems 
may be otherwise designed (i.e. for flow or power requirements) based upon the 

20 application. Typical applications include those for residential or industrial cleaning 
purposes such as, for example, cleaning walls, carpeting, floors, and furniture, etc. In 
scientific or industrial operations where debris, excess fluid, or fumes are given off, 
controlled use of vacuuming technology has been available for removal of the waste at or 
near the source. Vacuuming tools in the form of nozzles, wands and brushes have been 

25 used for the above purposes, and are available in a variety of sizes, shapes, flexibilities and 
configurations. 

A chore in the vacuuming of any surface is that the entire surface typically must be 
vacuumed. That is, the opening of the vacuuming system inlet device needs to be passed 
over substantially all of the surface of the object. This becomes more cumbersome for 
30 larger surfaces. For example, where a conventional wand is used over a large surface such 

1 
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as a floor or a wall, the job can be quite time consuming. To overcome this, various 
attachments have been made, such as diverging nozzles, for enlarging the opening of the 
inlet device so that for a given movement, a larger area is covered. The problem with this 
approach is that the larger openings also detrimentally affect the suction power of the 
5 vacuum system. As the opening size is increased, the suction power is lessened over the 
area of the opening, or a greater vacuum must be generated. The latter requires bigger 
motors, for example, and power usage. A similar problem as associated with fluid 
applicators. 

The vacuum removal of liquids is typically accomplished by positioning an inlet 
10 device of a vacuuming system within a fluid collection area or by passing the inlet opening 
over the surface of an area in the manner as above. The latter suffers the same problem 
discussed above. In the case of the former, the system is effective when the opening of the 
inlet device is submerged within the collection area. When even a part of the opening is 
out of the liquid pool, the liquid removal process is substantially ineffective because the 
15 suction primarily removes air instead of the collected liquid. Moreover, in addition to the 
noise of the vacuum generator itself, the suction noise is increased by two-phase fluid flow 
into and through the system. That is, a mixture of liquid and gas is drawn within the inlet 
device and through the vacuuming system, and this flow is typically very turbulent and 
noisy. 

20 The flow of fluid, whether gas or liquid or both, through conduits and nozzles of a 

fluid transport system having a fluid transport source, can be characterized as active fluid 
transport. That is, the fluid transport is considered "active" because the fluid transport 
pertains to a non-spontaneous fluid flow regime that, for the most part, is the result of a 
force produced by a source external to the transporting device. In the case of a vacuum 

25 system, a vacuum generator acts as a source that draws the fluid through the conduits and 
nozzle of the system. As conventionally used, a vacuum generator can be utilized to 
simply remove a gas or liquid, or may utilize the fluid flow of gas or liquid for removing 
solid matter. In the case of an applicator system, a pressure source may be utilized. 

Some vacuum systems, particularly for liquid removal, include collection devices 

30 that are positionable with respect to other apparatuses for receiving and removing waste 
matter. Typically, a collector device is designed to accommodate the type of waste matter 
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that is to be collected and its ability to be mounted to the relevant structure. Such 
collection devices may have an enlarged opening for collecting waste matter from a larger 
area than the vacuum conduit. 

An example of a suction mat designed for use within the surgical field is described 
5 in U.S. Patent No. 4,533,352 to Van Beek et al. A collection device is connected with a 
vacuum tube so that liquid collected by the device can be removed via the suction tube. 
The collection device itself includes a rib design for providing controlled drainage of fluid 
along the collection device and into the suction tube. The ribs additionally provide a 
supporting function for vessels during a surgical procedure. 

10 Another fluid collection and removal device is disclosed in U.S. Patent No. 

5,437,651 to Todd et al. This device also includes a channeled collection plate, but further 
comprises an absorbent pad provided over the channeled collection plate. The absorbent 
pad acts as a fluid collection reservoir. 

Other fluid collection devices combined with a vacuum system are disclosed in 

15 U.S. Patent No. 3,520,300 to Flower and U.S. Patent No. 5,628,735 to Skow. In Flower, 
an absorbent material is provided over a perforated vacuum body that is further connected 
with a removal tube. The device of Skow includes a mat comprising a material having a 
high wicking property and a flexible suction tube that prevents the mat from becoming 
saturated with fluid. In both cases, the pad or mat acts as the collection device and the 

20 vacuum system merely removes the collected fluids. 

The present invention is a fluid guide device that can evenly and effectively 
distribute the potential forces from a fluid transport source over an area substantially larger 
than the opening of a source conduit. The fluid guide device includes a first major surface 
having a structured surface that includes a plurality of flow channels disposed thereon. 

25 The flow channels extend from a first point to a second point along the structured surface 
and have a minimum aspect ratio of about 10:1 and a hydraulic radius no greater than 
about 300 micrometers (^im). The fluid guide device also includes an active fluid 
transport source provided external to the structured polymeric surface to provide a 
potential over the flow channels to promote movement of matter through the flow channels 

30 from a first potential to a second potential. The fluid transport source is connected with a 
plurality of the flow channels of the structured surface by way of a manifold. 
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The present invention provides a fluid guide device that can effectively vacuum or 
apply fluid to a relatively large flat surface area. The term "flat", as used throughout this 
application, means a surface that has a substantially smooth surface, although not 
necessarily one that is planar. That is, the surface may be contoured in one or two 
5 dimensions, and the contours can be compound as well. The fluid guide device may thus 
be constructed of a flexible material so that it can easily conform with the flat surface even 
with contours as contemplated above. The more flexible the fluid guide device, the more 
its ability to conform to more radical contours. In one construction, the structured surface 
is provided by a major surface of a layer of polymeric material, such as film, that is 

10 mounted to a support body. The structured surface may otherwise be formed directly on a 
major surface of the support body, or the layer may itself comprise the support body. 

A fluid guide device in accordance with the present invention is thus effective as a 
vacuum inlet for removing particulate matter or the like from a flat surface while covering 
a greater area of the flat surface with minimized vacuum generation. In particular, such a 

15 vacuum inlet can be used to remove small matter such as thai found on clean room 
surfaces. Likewise, for fluid removal, positioning the vacuum inlet device against a flat 
surface completes an effective fluid guide device. By this, any amount of fluid covered by 
the vacuum inlet or adjacent any channel opening thereof can be removed. Also, greater 
quantities of fluid can be evacuated with minimized vacuum source generation. 

20 The present invention has a number of characteristics that impart numerous other 

advantages into a fluid guide device having a fluid transport source. The fluid guide 
device makes up a part of an active fluid transport device and has a structured surface that 
is preferably formed from a polymeric material. The polymeric material allows the 
channeled structure to be accurately replicated in a relatively inexpensive manner during 

25 manufacture. A polymeric layer bearing a microchanneled-structured surface can be 
readily replicated using a molding or casting technique. The channeled structure thus can 
be produced without costly processing conditions that would otherwise be entailed when 
using other techniques such as machining and chemical etching. The use of polymeric 
materials for forming the structured surface also can allow individual feature fidelities to 

30 be maintained in the manufacturing process at relatively high tolerances. Additionally, as 
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above, the polymeric material enables flexible active fluid transport devices to be 
produced as the fluid guide device. 

The provision of discrete flow channels that have a minimum aspect ratio of about 
10:1 and a hydraulic radius no greater than about 300 micrometers (|im) affords 
5 microstructured channels that allow the active fluid transport source potential force to be 
divided amongst numerous channels in a highly distributed manner. Rather than transmit 
the total potential force through, for example, a single large channel, the potential force 
can be distributed among a very large number of small channels. 

Additionally, a highly-distributed potential force also enables less stress to be 

10 placed on items that come in contact with the channels. The use of the microstructured 
discrete flow channels can allow the potential force from the source to be so highly 
distributed that minimal stress is placed on the flat surface against which fluid flow occurs. 

The microchanneled configuration of a vacuum inlet device of a vacuuming device 
in accordance with the present invention is also advantageous in that it enables each 

15 individual channel to readily acquire fluid from the ambient environment. Furthermore, 
by providing discrete channels, each discrete channel can acquire fluid independent of one 
another. One channel can, for example, draw a liquid while its neighboring channel 
contains only air. In conventional fluid transport devices, where channels are much longer 
and/or are not discrete, two phase flow of both liquid and air often occurs. The invention's 

20 promotion of single-phase flow for liquids also beneficially reduces the stress on the liquid 
passing through the device and can minimize noise pollution. The invention thus is 
advantageous in that it is capable of safely and quietly removing liquid from the flat 
surface. 

Also, the small size of the flow channels allows the device to resist relatively high 
25 compressive forces without collapse of the flow channels. This advantage enables the 
fluid guide device to be used in situations where such forces might be present, for 
example, under heavy loads or when the device is forcefully held against a surface. 

Figure 1 is a perspective view of a fluid guide device shown schematically 
connected with a fluid transport source in accordance with the present invention, the fluid 
30 guide device including a layer formed with a structured surface mounted to a support 
body; 
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Figure 2 is a side view of the fluid guide device of Figure 1 showing a distribution 
manifold in dashed lines; 

Figure 3 is an end view of a microstructured layer illustrating one channel 
configuration in accordance with the present invention; 
5 Figure 4 is an end view of a microstructured layer illustrating another channel 

configuration in accordance with the present invention; 

Figure 5 is an end view of a microstructured layer illustrating yet another channel 
configuration in accordance with the present invention; 

Figure 6 is a perspective view of a fluid guide device illustrating a channel layout 
1 0 configuration in accordance with the present invention; 

Figure 7 is a top view of a microstructured layer illustrating another channel layout 
configuration in accordance with the present invention; 

Figure 8 is a perspective view of a fluid guide device illustrating one source and 
manifold configuration in accordance with the present invention; 
15 Figure 9 is a partially broken away cross-sectional view of the fluid guide device of 

Figure 1 taken along line 9-9 through the source and manifold of the device; and 

Figure 10 is a side view of a flexible fluid guide device in accordance with the 
present invention during application in substantial conformance with the contour of a 
surface. 

20 With reference to the Figures, like components are labeled with like numerals 

throughout the several Figures. In Figure 1, a fluid guide device 10 is illustrated that 
basically includes a support body 12 and a layer 14 of material that has a structured surface 
15 on one of its two major surfaces. The fluid guide device 10 is schematically illustrated 
connected with a fluid transport source 16 for providing a potential force to assist in 

25 moving a fluid over the structured surface 15 of the fluid guide device 10 during use and 
as described below. A flexible conduit 18 is preferably utilized for connecting the fluid 
transport source 16 to the structured surface 15 as will be further described below. 
Preferably, the structured surface 15 is provided within the thickness of the layer 14. 

The support body 12 is illustrated in Figure 1 with a handle 19 that may be 

30 provided to permit the fluid guide device 10 to be easily manipulated by a user. The 
handle 1 9 may take any number of forms and, if provided, is preferably secured with the 
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support body 12. Handle 19 may be made integrally with the support body 12, or 
separately attached thereto. 

Layer 14 may be comprised of flexible, semi-rigid, or rigid material, which may be 
chosen depending on the particular application of the fluid guide device 10. The layer 14 
5 preferably comprises a polymeric material because such materials can be accurately 
formed into a channeled microstructured surface 15. Substantial versatility is available 
because polymeric materials possess many different properties suitable for various needs. 
Polymeric materials may be chosen, for example, based on flexibility, rigidity, 
permeability, etc. The use of a polymeric layer 14 also allows a structured surface to be 

10 consistently manufactured with a large number of and high density of fluid flow channels 
20. Thus, a highly distributed fluid guide system can be provided that is amenable to 
being manufactured at a high level of accuracy and economy. It is understood that the 
layer 14 and its structured surface 15 may comprise plural polymers blended or coextruded 
to provide constituent parts of the layer 14. 

15 ,As shown in Figure 3, channels 20 can be defined within the layer 14 in 

accordance with the illustrated embodiment by a series of sidewalls 22 and peaks 24. In 
some cases, the sidewalls 22 and peaks 24 may extend entirely from one edge of the layer 
14 to another (as is shown in Figure 1), or may extend only along a portion of the 
structured surface 15. That is, channels 20 that are defined between peaks 24 may extend 

20 entirely from one edge to another edge of the layer 14, or such channels 20 may only be 
defined to extend over a portion of the layer 14. Channels that extend only over a portion 
of layer 14 may begin at an edge of a layer 14 or may begin and end intermediately within 
the structured surface 15 of the layer 14, 

In order to utilize the fluid guide device 10 against a contacting surface as part of a 

25 vacuum system or fluid applying system most effectively, some manner of facilitating 
fluid flow through channels 20 should be provided. When one or more channels 20 are 
substantially sealed along their edges, some way to permit fluid flow into those channels 
20 facilitates fluid flow within those channels 20. Where the contacting surface is fluid 
impermeable, it is preferable that each channel 20 opens to at least one side edge of the 

30 layer 14 so as to define fluid communication openings from the flow channels 20 to the 
ambient environment. Such openings may not, however, be desired where the contacting 
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surface permits sufficient fluid flow through it. For example, a porous surface may 
provide sufficient closure to define the flow channels of the fluid guide device and permit 
fluid flow into at least some of the channels 20. 

With reference to Figures 1, 2 and 9, a source and manifold system for providing 
5 fluid connection between a fluid transport source 16 and the channels 20 is illustrated. A 
distribution manifold 26 is defined within the support body 12. A source passage 28 also 
extends through the support body 12 and opens into the distribution manifold 26 for 
providing a fluid communication between the flexible conduit 18 and the distribution 
manifold 26. As shown in Figure 9, the conduit 18 may pass through an opening provided 

10 through the support body 12 and be sealingly connected within the distribution manifold 
26, such as by an annular flange portion 29. Any conventional or developed manner of 
providing a fluid connection between a conduit and the manifold 26 are contemplated 
including, for example, providing a conventional fitting within a passage of the support 
body 12 that is connectable to a conduit, or integrally making such a fitting with the 

15 support body 12. 

The distribution manifold 26 can extend substantially completely over the surface 
of the support body 12 to which the layer 14 is mounted. However, in order to provide 
some structural support to the layer 14, the distribution manifold 26 is preferably designed 
to provide the desired flow requirements and to connect to at least some of, but preferably 

20 all of the channels 20 with minimized dimensions. That way, the layer 14 can be 
connected to the surface of the support body 12 by any conventional or developed 
technique including permanent mounting techniques as well as releasable and reusable 
mounting techniques. For example, adhesive may be used as a permanent mount, while 
removable adhesives or reusable connectors, such as hook and loop connectors, may be 

25 used as separable mounts. 

In Figure 8, an example of the support body 12 is illustrated having the distribution 
manifold 26 provided as a groove extending substantially from a first edge 30 to a second 
edge 32 of the support body 12. As shown in Figure 2 in dashed lines, such a distribution 
manifold 26 can be sufficiently extended to permit fluid communication between the 

30 distribution manifold 26 and each of the channels 20 from edge 30 to edge 32. 
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As shown best in Figure 1. a slot 34 can be provided for permitting the fluid 
communication between the distribution manifold 26 and at least a plurality of the 
channels 20. Each of the channels 20 can be fluidly connected with the distribution 
manifold 26. To accomplish this, the slot 34 should extend through at least a portion of 
5 each of the channels 20 from one edge of layer 14 to another edge of layer 14, these edges 
preferably being substantially coextensive with the first edge 30 and second edge 32, 
respectively, of the support body 12. Alternatively, the slot 34 can just as easily be 
replaced by a series of orifices through the layer 14 permitting communication between at 
least a plurality of the layers 20 and the distribution manifold 26. An advantage of using 

10 separate orifices, is that each channel 20 is selectively connectable to the distribution 
manifold 26. With this in mind ? it is contemplated that plural distribution manifolds may 
be provided, for example, at different longitudinal points of the support body 12, and the 
channels may be selectively fluidically connected with any one or more of the distribution 
manifolds. This may allow, for example, the application of plural different types of 

1 5 liquids at the same time in zones or as a mixture to the surface of an object. 

Other types of manifolds are contemplated for connecting a fluid conduit 18 to at 
least a plurality of the channels 20 so long as this basic fractional aspect is provided. A 
manifold may be connected with plural channels 20 along a side edge of the layer 14, in 
which case, a support body 12 may not be needed at all. Or, a manifold may be provided 

20 to the other major surface of the layer 14 (the one not having structured surface 15) to 
cover only a slot or the plural openings that communicate with the channels 20. This 
would basically be a support body 12 that is limited in size to its manifold function. 

Like layer 14, and described above, support body 12 or any other functional 
manifold contemplated in accordance with the present invention can be made of flexible, 

25 semi-rigid, or rigid material. The support body 12 may be of a similar or different material 
as the sheet 14. If a handle 19 is provided, the handle 19 may also be provided of same or 
different material and have the same or different material properties and characteristics of 
the support body 12. Moreover, the handle 19 may be provided in any different shape or 
form based upon the expected application of a particular fluid guide device 10. Where 

30 both the sheet 14 and support body 12 are flexible so that the fluid guide device 10 can be 
easily conformed to a contoured flat surface, it may be desirable to have a handle 19 only 
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attached to the support body 12 at a single location. Of course, a handle need not be 
provided at all. 

The potential source may comprise essentially any means capable of establishing a 
potential difference across a plurality of the flow channels 20 to encourage fluid 
5 movement from a first location to a second location along the flow channels 20. The 
potential is sufficient to cause, or assist in causing, fluid flow through plural flow channels 
20, which is based in part on the fluid characteristics of any particular application. As 
shown in Figure 1 5 the fluid transport source 16 may comprise a generator 36 that is 
conventionally or otherwise connected to a collector or supply receptacle 38. The 

10 generator 36 may comprise, for example, a vacuum generator so that suction can be 
provided through conduit 1 8, into distribution manifold 26 through slot 34, and into the 
flow channels 20. For a pressure application, a pressure generator may be provided for 
driving fluid from within the receptacle 38 into conduit 18, distribution manifold 26, 
through slot 34 and discrete flow channels 20. 

15 The fluid guide device 10 of the present hwention is specifically designed for use 

against a flat surface. As used throughout this specification, the term "flat" is not meant to 
mean planar, but is meant to mean a smooth surface that may be contoured in one or two 
dimensions, and the contours can be compound as well. More particularly, the fluid guide 
device 10 is most effective when used against a flat surface that is sufficiently smooth to 

20 substantially define discrete flow channels out of the flow channels 20 when the structured 
surface 15 is positioned against the flat surface. That is, at least a plurality of the flow 
channels 20 are to be sufficiently closed off by the flat surface so that they will become 
discrete flow channels with insubstantial fluid mixture or cross-over between adjacent 
flow channels 20. Where the flat surface is contoured in one or two dimensions, it may be 

25 desirable to utilize a flexible fluid guide device 10 so that a plurality of discrete flow 
channels can be defined during a conformable application. 

Where the fluid transport source 16 comprises a vacuum generator 36, suction 
established within conduit 18 is likewise established within the distribution mantel 26. 
When at least a plurality of the flow channels 20 are made discrete by application against a 

30 flat surface, those discrete flow channels 20 will also have suction established therein 
along the entire length of those flow channels 20. For placement against an impermeable 

10 
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contacting surface, those flow channels 20 can be open to at least one side edge of the 
layer 14 so that fluid can be drawn within an opening defined at that edge into the discrete 
flow channels 20, then through slot 34, within distribution manifold 26, and out of the 
fluid guide device 10 via conduit 18. When the fluid guide device is used against a 
5 contacting surface permitting sufficient fluid flow through it, side edge openings may not 
be provided. Such a fluid guide device can be used within a vacuum system as a 
vacuuming system inlet. Such a system is advantageous in that the layer 14 of the fluid 
guide device 10 can be made substantially larger than the source passage 28 that opens 
into the distribution manifold 26. By virtue of the fact that the flow channels 20 are 

10 preferably microchannels (as defined below), the potential force can be highly distributed 
while minimizing vacuum generation requirements. That is, a lower suction force can be 
highly distributed over the entire area of the structured surface 15 to provide a very 
effective vacuuming tool for covering a substantially large area. 

In the case of a pressure generator 36, one or more fluids can be supplied within 

15 one or more receptacles 38 through conduit 18, into distribution manifold 26, through slot 
34 and into at least a plurality of flow channels 20. During use, the plural flow channels 
20 are to be effectively made discrete by contact with a flat surface so that the pressurized 
fluid can be provided entirely along the flow channels 20. Such a fluid guide device 10 
that is connected with a pressure generator 36 may be utilized in any number of systems 

20 for treating the flat surface of an object with a liquid or gas in a highly distributed manner 
with substantially minimized pressure generation requirements. 

Other potential sources 16 may be used in the present invention instead of or in 
conjunction with a vacuum or pressure generator. Generally, any manner of causing fluid 
flow through the channels 20, is contemplated. That is, any external device or force that 

25 encourages fluid transportation through the channels 20 is contemplated. Examples of 
other potential sources include, but are not limited to, vacuum pumps, pressure pumps and 
pressure systems, magnetic systems, magneto-hydrodynamic drives, acoustic flow 
systems, centrifugal spinning, and any other known or later developed fluid drive system 
utilizing the creation of a potential difference that causes or encourages fluid flow to at 

30 least some degree. 
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Although the fluid guide device 10 illustrated in Figures 1 and 3 has a structured 
surface 15 comprising multiple V-shaped peaks 24. other configurations are contemplated. 
For example, as shown in Figure 4, channels 40 have a wider, flat valley between slightly 
flattened peaks 42. These flattened peaks 42 provide a surface to lie against a flat surface 
5 of an object during the application of a fluid guide device 10. Bottom surfaces 44 extend 
between channel sidewalls 46, which is different from the Figure 3 embodiment where the 
sidewalls 22 connect together along lines. 

In Figure 5, a configuration is illustrated where wide channels 50 are defined 
between peaks 52, but instead of providing a flat surface between channel sidewalls, a 

10 plurality of smaller peaks 54 are located between the sidewalls of the peaks 52. These 
smaller peaks 54 thus define secondary channels 56 therebetween. Peaks 54 may or may 
not rise to the same level as peaks 52, and as illustrated create a first wide channel 50 
including smaller channels 56 distributed therein. The peaks 52 and 54 need not be evenly 
distributed with respect to themselves or each other. The smaller channels 56 may be 

15 beneficial to control fluid flow through the wider channels 50 by modifying frictional 
forces along the channel's length. 

Although Figures 1 and 3-5 illustrate elongated, linearly configured channels, the 
channels may be provided in other configurations. For example, the channels could have 
varying cross-sectional widths along the channel's length; that is, the channels could 

20 diverge and/or converge along the length of the channel. The channel sidewalls could also 
be contoured rather than being straight in the direction of extension of the channel, or in 
the channel height. Generally, any channel configuration that can provide at least multiple 
discrete channel portions that extend from a first point to a second point over the 
structured surface 15 are contemplated. 

25 In Figures 6 and 7, channel configurations are illustrated in plan view that may 

define a structured surface and a fluid guide device 10 of the present invention. As shown 
in Figure 6, a plurality of radially extending channels 60 are provided extending from a 
central opening 62. As above, for uses in accordance with the present invention, each 
channel 60 may extend to an edge of the layer 14' for effective fluid transport against a 

30 fluid impermeable flat contacting surface. The opening 62 corresponds with a source 
passage 64 that fluidically connects with conduit 66. In this embodiment, the opening 62 
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acts as the distribution manifold with the source passage 64. Thus, by modifying the 
directions of extension of the channels 60, as opposed to the straight channels 20 of Figure 
1, only a small opening 64 is needed to provide the distribution manifold function. 
Channels 60 need not be linear. 
5 A channel configuration similar in function to that shown in Figure 6 but designed 

to more thoroughly cover a given area is illustrated in Figure 7. Specifically, an opening 
70, which like opening 62 provides the distribution manifold function, is provided through 
layer 14° and connected with a number of U-shaped channels 72 that range from large to 
small to cover the given area. In this case, feeder channels 74 provide the fluid 

10 communication between most of the U-shaped channels 72 and the opening 70. From this, 
it can be seen that many types of channels are contemplated including the use of primary 
and secondary channels which may be linear, curved, or compound structures thereof. The 
U-shaped channels 72 can thus provide openings at the channel ends when such a 
structured surface is conformed against a flat surface, while the feeder channel 74 may or 

15 may not be open at the^r ends. Generally, any pattern is contemplated in accordance with 
the present invention as long as a plurality of channels are provided over a portion of the 
structured surface from a first point to a second point. 

In each of the embodiments described above, the structured surface is provided as 
part of a layer mounted to a manifold or support body. Such a layer may itself comprise 

20 the structured surface and the support body. In a similar sense, the support body may have 
the structured surface provided directly on a major surface thereof, as opposed to having 
the structured surface provided to the support body by way of a separate layer 14 mounted 
thereto. 

For example, the support body 12 illustrated in Figure 8 has a major surface 80. In 
25 the embodiments above, this major surface 80 is utilized to mount the layer 14 that itself 
has the structured surface 15. However, the structured surface 15 may be directly formed 
on this major surface 80. Any of the channel configurations contemplated above with 
respect to the layer 14 may be applied directly to the support body 12 by conventional or 
developed techniques. The distribution manifold 26 would thus communicate with the 
30 channels formed on the major surface 80 in much the same manner as that described above 
except for the need of an additional slot 34 through the layer. 
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As to any of the channels contemplated above and in accordance with the present 
invention, such channels are defined within a structured layer by the structured surface of a 
first major surface of the layer. The channels in accordance with the present invention are 
configured to be microstructured to allow any one channel to fill readily with fluid from 
5 the ambient environment independently of the other channels. The microstructured size of 
each channel encourages single phase flow when liquid is to be transported because it is 
easy for each channel to receive liquid. Without having air mixed with liquid in the 
channels, noise generation is significantly reduced and less stress can be placed on liquids 
that are transported through the fluid guide device when positioned against a flat surface. 

10 The individual flow channels of the microstructured surfaces of the invention are 

capable of being made substantially discrete by contact with a flat surface. Thus, fluid that 
enters one flow channel will not, to any significant degree, enter an adjacent channel, 
although there may be some diffusion between adjacent channels. The channels preferably 
can independently accommodate the potential relative to one another to direct a fluid along 

1 5 or through a particular channel independent of adjacent channels. 

As used here, aspect ratio means the ratio of a channel's length to its hydraulic 
radius, and hydraulic radius is the wettable cross-sectional area of a channel divided by its 
wettable channel circumference. The structured surface is a microstructured surface that 
defines discrete flow channels that have a minimum aspect ratio (length/hydraulic radius) 

20 of 10:1, in some embodiments exceeding approximately 100:1, and in other embodiments 
at least about 1000:1. At the top end, the aspect ratio could be indefinitely high but 
generally would be less than about 1,000,000:1. The hydraulic radius of a channel is no 
greater than about 300 jam. In many embodiments, it can be less than 100 Jim, and may be 
less than 10 urn. Although smaller is generally better for many applications (and the 

25 hydraulic radius could be submicron in size), the hydraulic radius typically would not be 
less than 1 jxm for most embodiments. As more fully described below, channels defined 
within these parameters can provide efficient bulk fluid transport through an active fluid 
transport device. 

The structured surface can also be provided with a very low profile. Thus, active 
30 fluid transport devices are contemplated where the structured polymeric layer has a 
thickness of less than 5000 micrometers, and even possibly less than 1500 micrometers. 
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To do this, the channels may be defined by peaks that have a height of approximately 5 to 
1200 micrometers and that have a peak distance of about 10 to 2000 micrometers. 

Microstructured surfaces in accordance with the present invention provide flow 
systems in which the volume of the system is highly distributed. That is, the fluid volume 
5 that passes through such flow systems is distributed over a large area. Microstructure 
channel density from about 10 per lineal cm (25/in) and up to one thousand per lineal cm 
(2500/in) (measured across the channels) provide for high fluid transport rates. 

With flexible materials, the mechanically flexible nature of such a fluid guide 
device would allow it to be used in contoured configurations. Flexible devices may be 

10 relatively large so that they can be easily handled without breakage and to provide a highly 
distributed fluid flow over a large area that needs to be affected by the fluid flow through 
the fluid guide device. A flexible fluid guide device 100 is illustrated in Figure 10. A 
flexible support body 112 is provided with a structured surface 115 by way of flexible 
layer 114. A fluid conduit 118 would communicate with the channels of the structured 

15 surface 115 in a manner as described above by way of a distribution manifold. In this 
case, the channels 120 are illustrated running transversely across the fluid guide device 10, 
and the handle 1 19 is positioned so as not to negatively affect the flexible nature of the 
support body 112 and the layer 114. A distribution manifold should run in the 
longitudinal direction for this embodiment. 

20 Such a flexible fluid guide device 100 can be conformable to a contoured flat 

surface 125 of an object 127. As shown, each of the flow channels 120 would be rendered 
substantially discrete as the support body 1 12 and layer 1 14 are made to conform to the 
shape of surface 125. Although the fluid guide device can be flexible, it can also 
demonstrate resistance to collapse from loads and kinks. The structured surface provides 

25 sufficient structure that can be utilized within any fluid guide device to impart load- 
bearing integrity for structural support. The small size of the flow channels, as well as 
their geometry, allows relatively high forces to be applied to the surface without collapsing 
the flow channels. For example, when the device 100 is conformed to the surface 125 of 
Figure 10, the structure permits conformability without detrimentally affecting the size and 

30 geometry of the flow channels 120. 

15 



WO 99/65541 - PCT/US99/10820 

The making of structured surfaces, and in particular microstructured surfaces, on a 
polymeric layer such as a polymeric film are disclosed in U.S. Patent Nos. 5,069,403 and 
5,133,516, both to Marentic et al. Structured layers may also be continuously 
microreplicated using the principles or steps described in U.S. Patent 5,691,846 to Benson, 
5 Jr. et al. Other patents that describe microstructured surfaces include U.S. Patent 
5,514,120 to Johnston et al., 5,158,557 to Noreen et al., 5,175,030 to Lu et al., and 
4,668,558 to Barber. 

Structured polymeric layers produced in accordance with such techniques can be 
microreplicated. The provision of microreplicated structured layers is beneficial because 

10 the surfaces can be mass produced without substantial variation from product-to-product 
and without using relatively complicated processing techniques. "Microreplication" or 
"microreplicated" means the production of a microstructured surface through a process 
where the structured surface features retain an individual feature fidelity during 
manufacture, from product-to-product, that varies no more than about 50 |im. The 

iJ microreplicated surfaces preferably are produced such that the structured surface features 
retain an individual feature fidelity during manufacture, from product-to-product, which 
varies no more than 25 Jim. 

Fluid guide layers for any of the embodiments in accordance with the present 
invention can be formed from a variety of polymers or copolymers including 

20 thermoplastic, thermoset, and curable polymers. As used here, thermoplastic, as 
differentiated from thermoset, refers to a polymer which softens and melts when exposed 
to heat and re-solidifies when cooled and can be melted and solidified through many 
cycles. A thermoset polymer , on the other hand, irreversibly solidifies when heated and 
cooled. A cured polymer system, in which polymer chains are interconnected or 

25 crosslinked, can be formed at room temperature through use of chemical agents or ionizing 
irradiation. 

Polymers useful in forming a structured layer in articles of the invention include 
but are not limited to polyolefms such as polyethylene and polyethylene copolymers, 
polyvinylidene diflouride (PVDF), and polytetrafluoroethylene (PTFE). Other polymeric 
30 materials include acetates, cellulose ethers, polyvinyl alcohols, polysaccharides, 
polyolefms, polyesters, polyamids, polyvinyl chloride), polyurethanes, polyureas, 
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polycarbonates, and polystyrene. Fluid guide layers can be cast from curable resin 
materials such as acrylates or epoxies and cured through free radical pathways promoted 
chemically, by exposure to heat, UV, or electron beam radiation. 

As indicated above, there are applications where flexible fluid guide devices are 
5 desired. Flexibility may be imparted to a structured polymeric layer using polymers 
described in U.S. Patents 5,450,235 to Smith et al. and 5,691,846 to Benson, Jr. et al. The 
whole polymeric layer need not be made from a flexible polymeric material. The main 
portion, for example, could comprise a flexible polymer, whereas the structured portion or 
portion thereof could comprise a more rigid polymer. The patents cited in this paragraph 

10 describe use of polymers in this fashion to produce flexible products that have 
microstructured surfaces. 

Polymeric materials including polymer blends can be modified through melt 
blending of plasticizing active agents such as surfactants or antimicrobial agents. Surface 
modification of the structured surfaces can be accomplished through vapor deposition or 

15 covalent grafting of functional moieties using ionizing raciiation. Methods and techniques 
for graft-polymerization of monomers onto polypropylene, for example, by ionizing 
radiation are disclosed in US Patents 4,950,549 and 5.078,925. The polymers may also 
contain additives that impart various properties into the polymeric structured layer. For 
example, plasticisers can be added to decrease elastic modulus to improve flexibility. 

20 Preferred embodiments of the invention may use thin flexible polymer films that 

have parallel linear topographies as the microstructure-bearing element. For purposes of 
this invention, a "film" is considered to be a thin (less than 5 mm thick) generally flexible 
sheet of polymeric material. The economic value in using inexpensive films with highly 
defined microstructure-bearing film surfaces is great. Flexible films can be used in 

25 combination with a wide range of materials for a support body where desired. 

Because fluid guide devices of the invention include microstructured channels, the 
devices commonly employ a multitude of channels per device. As shown in some of the 
embodiments illustrated above, inventive fluid guide devices can easily possess more than 
10 or 100 channels per device. Some applications, the fluid guide device may have more 

30 than 1,000 or 10,000 channels per device. The more channels that are connected to an 
individual potential source allow the potential's effect to be more highly distributed. 
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The inventive fluid guide devices of the invention may have as many as 10,000 
channel inlets per square centimeter of cross section area. Fluid guide devices of the 
invention may have at least 50 channel inlets per square centimeter. Typical devices can 
have about 1,000 channel inlets per square centimeter. By having so many channel inlets 
per unit cross sectioned area, the effect of the potential is so highly distributed at that 
location of the fluid guide device, that negligible forces may be imparted onto objects that 
come in contact with the channels. 
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CLAIMS: 

1. A structured surface fluid guide device for distributing a potential from a 
fluid transport source over an area of a major surface of the fluid guide device and for 

5 active fluid transport against a flat surface, the fluid guide device comprising: 

(a) a support body having a first major surface provided with a structured 
surface defining a plurality of substantially discrete flow channels that extend from a first 
point to a second point along the surface of the support body, the flow channels also 
having a minimum aspect ratio of about 10:1 and a hydraulic radius no greater than about 

10 300 micrometers; 

(b) a fluid transport source external to the structured surface, which source 
provides a potential over the flow channels to promote movement of matter through the 
flow channels from a first potential to a second potential; and 

(c) a manifold connecting the source to the flow channels of the structured 
15 surface. 

2. The fluid guide dev?cv of claim 1, wherein the plurality of discrete flow 
channels are defined by a series of peaks, each peak having two sidewalls. 

20 3. The fluid guide device of claim 2, wherein the sidewalls of adjacent peaks 

of the discrete flow channels are separated by a planar floor, or wherein the sidewalls of 
adjacent peaks of the discrete flow channels are separated by at least one sub-peak, the 
sub-peak defining a plurality of sub-channels within each discrete flow channel. 

25 4. The fluid guide device of claims 1-3, wherein the support body comprises a 

layer of polymeric material. 

5. The fluid guide device of claims 1-4, wherein the structured surface is 
provided as a surface of a layer of polymeric material that is mounted to the support body. 

30 
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6. The fluid guide device of claims 1-5, wherein the support body is flexible 
for conforming to contours of an object flat surface. 

7. The fluid guide device of claims 1-6, wherein the structured surface is 
5 provided as a surface of a layer of polymeric material that is mounted to the support body, 

and the manifold comprises a groove formed within a surface of the support body. 

8. The fluid guide device of claims 1 -7, wherein the support body comprises a 
handle and a base, the handle adapted for being held by a user's hand, and the base 

10 comprising the manifold and a surface to which the layer of polymeric material is 
mounted. 

9. The fluid guide device of claim 8, wherein the base and the layer of 
polymeric material are flexible for conforming to the contours of an object flat surface. 



5 



10. A method of using a fluid guide device for active fluid transport against a 

flat surface, said method comprising: 

(a) providing a fluid guide device comprising a support body having a first 

major surface including a structured surface formed thereon, the structured surface 
20 defining a plurality of substantially discrete flow channels that extend from a first point to 

a second point along the surface of the body, the flow channels also having a minimum 

aspect ratio of about 10:1 and a hydraulic radius no greater than about 300 micrometers, a 

fluid transport source external to the structured polymeric surface, and a manifold 

connecting the source to the flow channels of the layer; 
25 (b) positioning the fluid guide device against a flat surface so that a plurality of 

the discrete flow channels are closed by the flat surface; 

(c) generating a potential at the fluid transport source and thereby creating a 

potential over the flow channels to promote movement of fluid through the flow channels 

from a first potential to a second potential; and 
30 (d) transporting fluid within the flow channels that are closed by the flat 

surface. 
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11. The method of claim 10, wherein the providing step further comprises 
providing a fluid guide device with a flexible support body, and the positioning step 
further comprises conforming at least a portion of the flexible support body with a portion 

5 of the flat surface to close plural flow channels. 

12. The method of claims 10-11, wherein the potential is generated by a 
vacuum source so that suction is created over the flow channels to promote movement of 
fluid through the flow channels from a first potential to a second potential. 

10 

13. The method of claims 10-12, wherein the method is used for vacuuming the 
flat surface by passing the fluid guide device over at least a portion of the flat surface. 

14. The method of claims 10-13, wherein the potential is generated by a 
15 pressure source so that fluid flow is promoted ilirough the flow channels from a first 

potential to a second potential. 

15. The method of claims 10-14, wherein the method is used for applying a 
fluid to the flat surface by passing the fluid guide device over at least a portion of the flat 

20 surface. 
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